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(54) ULTRAHiGH-MOLECULAR-WEKSHT POLYETHYLENE MOLDING FOR ARnFK:iAL JOINT 
AND PROCESS FOR PRODUCING THE MOLDING 

(57) The present invention relates to a uttia high 
mdecutar waght polyethylene molded artde tor artifi- 
cial joints having molecular orientation of crystal orien- 
tation and to a method lor preparing tfia same, vvharein 
the polyethylene nxslded article having a low friction and 
excallent abrasion restetanca is obtained by inadat'ng a 
low dose of a radioactive rB)r to the uHra high moiecular 
weight polyethylene to introduce a small amount of 
crossiinking points witNn molecular chains, giving conrh 
presslon-defbrmation after melting at a high tenpeia- 
ture around the melting point thereof, and cooTing and 
solicfifying. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to an ultra high molecular weight pdyethylene molded article suitable for artificial 
joints haying molecular orientation or crystal orientation and to a ntethod of preparing the sama 

BACKGROUND ART 

10 It has been passed thirty years or more since an artifldaJ joint was cta^^ 

fering from any diseases of arthritis. Since then, benefits given by the artificial Joint have been great in the sense of 
Godal welfare because, for example, patients with dtronc rheumatism have come to be able to walk again and to return 
to public lifa On the other hand, however there have been occun-ed serious problems, particularly late compncalion 
caused by total joint arthroplasty, a high rate of occunance of Toosening" in the inplant components, necessity of revi- 

15 sion with surgical operation caused by osteolysis around the inrpianted arlSidal joint 

The artificial joint includes artificial hip joint artificial knee joint artificia! elbow joint artificiai finger joint, artffidal 
shouUer joint and the te. Among those joints, it is necessary for the artfficial hip joint ani artTiciai Knee joint to have 
high mechanical strength because gravity conesponding to several times of the patients body weight is applied to 
them. Therefore, materials fbr the artificial joint at present are constitUed of a hanl material of metal or ceramic and a 

20 soft sodiet of an ultra high molecular weight polyethylene (UHMWPE). Whfle the UHMWPE constft u ting such a socket 
is superior In abrasion resistance as compared with polymeric materials such as pdytetrafluoroethylene and polycar- 
bonate, the UHMWPE is inferior In properties such as low abrasion resistance and stress relaaalion to impact toad 
which are inherently possessed by artojiar cartlage of living body. Also, reaction caused by a foreign matter has been 
a serious problem wherein macrophages proliferate against wear debris of the UHMWPE socket La* component and 

25 an abnormal (^anulation tissue generated thereby causes resorptxxi of the boneu 

After artificial joints have been devekaped though some irrprovements in qualities of material and design have 
been made, lor example, a cementless arfifidal joint and the like with respect to the ha/d material, there has been no 
remarioble progress for about thirty years with respect to the soft socket portion except that the UHMWPE was 
enployed. And if the artificial joint is used for a tong period of linra. numerous wear debris of polyethylene are produced 

30 because of friction between the hard material such as metal and the UHMWPE of tfie socket By conskJering the oste- 
olysis due to graruilatkxi tissue corrtaining a foreign matter wtiich is caused by the wear debris, further Improvement of 
abrasion resistance Is Indispensable. As an attenpt to reduce the abraskxi of UHMWPE, H can be considefed to select 
a material for the hard material and to improve the UHMWPE Though the Inacfiation of an ultra high dose of rray was 
tried for improving the UHMWPE. it was made dear that coeffident of abrasion kicreasas and abrasion loss does not 

35 decreasa Also, though the improvement to increase molecular weight of the UHMWPE was nnade and a weight-aver- 
age mdecular weight of the UHMWPE at present has been increased to apprcpomatsly 5 to e millkn rt is drfTxxilt to 
make a UHMWPE having a far ultra high moleculBr weight Further, considerable improvement m dynamic properties 
can scarcely be wpedted even H one having a weight-everage molecular weight of 10 mHion couU be synttiesized 
Thus, h is regarded that any improvement in dynamic properties of the UHMWPE by chemical modilication reaches its 

40 limitation, and It is regarded to be difficult to obtain a UHMWPE mdded artk:le having a more excellent abrasksn resist- 
ance and lower friction. 

It is well-known that Carothers of E.L Du Pont developed, first ad over the world, a synthetic fber. Le. Nyten and 
grfeatly contrilxrted industrially. As mears for improving mechanical properties of this synthetic fber. uniaxial stretching 
in the direction of fiber axis is carried out industrially. Alsot to improve strength of f im, biaxial stretching and rofling are 

45 carried out Industrially. In accordance with ttteee methods, mechanical properties can be increased considerably by giv^ 
ing uniaxial orientation or biaxial orientation to moleaies or crystals. 

From these pofarts of view, there is an idea that orientation is giveth to moleades or crystals in the polymer strudure 
to inwove the mechanical properties. Howsver, any technologies cannot endow molecules or crystals with orientation 
in a large moWed artk:le In the form of block and rt is not easy to consider an enable metixxj. 

so Then, the present inventors tried to obtain a mdded artide of a la^ friction and to Improve an abrasion resistance 
by introducing molecular orientation or crystal orientation into a finished product by means of not a chemical modifica- 
tion method but a physical modificalion method. 

This approach has never been attempted not only in Japan but also in other countries. The idea to endow the pol- 
yethylene mokled artide tor artificial joints with moleoiar orientation or crystal orientation is the very aeative, and it is 

55 sure that this invention. H actually carried out is appOed to the artifidal joints of all over the worid. Also, this invention 
will be revolutionary industrial i n novation whereby dBsadvantages wKch have been proksiemed far the past thirty years 
are improved. 
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of even around the meltino point for axample 10(rto130*a If oompletaly meltBd. sines the aosdff*Bd UHMWPE is 
in the stale of rubber to possess ni^bar elasticity; the compression-delormBtion is easfly carried out 

TTie corrpresfiWo^eforiTialion is carried out under a pressure of 30 1^ usually 50 to 100 koVcm^with 

heating al the atx^^menfioned temperature in a cfie sutafale for the use or bf using a hot press ma^ne. It is sufTident 

5 thai a degree of the compression is approximately 1/3 to 1/1 0 of an original thickness in case of a molded artide in the 
form of block The detormation of the orossfinked UHMWPE molded artide of the present invention is a niaber elastic 
defomstion because molecular chains are cross&nked sSghtly. and after the nrolecuiar chains are stretched to give the 
necessary mdecular orientation, then coded as they are arxl crystareed. the crystal orientation can be obtained On 
the other hand, non-crosslinked. namely nonnnadiated UHMWPE nwlded arlide is fkiid^iefonned when heated and 

ro conpressed at a temperature of no! less than the meltina point and thus mdecUar orientation a crystal orientation 
cannot be obtained. 

TT^en. the UHMWPE molded artide having the molecular orientation or crystal orientation obtained by the com- 
pression-detormalion as descrt>ed above Is cooled arxJ soBdHied with keeping the deformed stata If the defonned state 
is set free before soficiried, the stretched mdecUar diains are relaxed in stress to return to the original state becaise 
IS the conpressidn-deformation is conduded in the molten stata That is» the mdeaiar orientation or crystal orientation 
in the UHMWPE molded arlide is relaxed in a moment Therefore, the detomned state must not be set free until sofidi- 

fied. • , 

As the cooGng method, there are rapid coolings such as woter-coormg and air-coofing as well as stancfing to cod. 
and the cooBng is earned out down to room tenperature, preferably to a tenperature d aro^ 
20 is preferable to cod al a constant rate under a condition of 10*CAnin, prelenably 1*C Awn to obtain excellent dynaniic 
properties because the coofing rate has a great influence on the crystaffinity, particdarty on the degreeofcrystaflinify 
of the produced molded artida The completion of the solidification can be confinned by deaease of a pressure guage 
(the volume being shrinked after the completion of the aystaBiralion). 

Also, before the coding the compression-deformed UHMWPE molded artide may be subjeded to isothermal crys- 
25 tallization at around 100» to 130»C, preferably 11 0* to 120»C for 1 to 20 hours, preferably 5 to 10 hours with keeping the 
deformed state, and then coded to room tenrperature, preferably to 40'C and sofidHied. When carrying out the isother- 
mal crystalBration. the degree of crystainnity becomes higher and the dynamic properties are improved. The cooling 
after Ihe isothermal oystallizatkxi is not particulariy Bmited and the coofing at a rate of 1 'C Miin is preferaWa 

The melting point of the UHMWPE mdded artide having the molecular orientation or crytsal orientation obtained 

30 by the cooling and solidification is 135* to 155*C. 

The conpression-deformed molded artide which is obtained as described above can also be processed to a 
socket tor artifidai joints by cutting and can t)e nxjWed by means of the compressiondefonnation mold with a die conv 
prising a convex and concave portions. The surface hardness can be further reinforced by Introdudng metal k>ns» ag. 
• ' titanium, zirconium. Irxxi, molybdenum, aluminium and/or cobaft Ion into the UHMWPE molded artide tor artTidal jdnts 
95 vvtiich is obtained by cutting the compression-deformed mdded artide. 

Hereinafter, the present invention is e)93lained concretely by referring to Preparalfon Exanples and Examples, 

PREPARATION EXAMPLES ITD 3 

40 A dock of UHMWPE (thickness 3 cm, width 5 cm. length 5 cm) having a weight-average molecular weight of 
approximately 6 nilBon and a melting point 138^ was put in a glass anpd and the glase was sealed after reclidng 
the inner pressure (lO'^ to icr^ mmHo) under vacuum, r^ay from cobalt 60 was inacfiated at a dose of 0.5MR lb this 
glass anpd at 25»a Then, the UHMWPE btock irracSated by the racSoadive ray (meltino pdnt: 138*C. weight-average 
mdecular weight winite) was taken out from the glass ampd. melted ap^^^ a hot pri»s.,conf>- 

45 pressed to 1/3. 1/4.5 and 1/6 of the original thidcness by applying a pressure of 50 kgtfan^, and then cooled to room 
tmptfature through natural coofing with keeping the deformed state. 

COMPARATIVE PREPARATION EXAMPLES 1 TO 3 

so The same raw UHMWPE btock as was used in Preparation Exanples 1 to 3 was compressed to 1^. 1/4.5 and 1/B 
of the original thidciess after melting completely at 200*C by using a hot press in the same way without inadiation. and 
cooled naturally to room temperature with keeping the deformed state. 

PREPARATION EXAMPLES 4 TO 6 

Irradiated UHMWPE mdded artWes were obtained by compression^etonning and coding natually similarty in 
Preparation Exanple 1 except that a dose of inadiation of rray was dianged to 1.0 MR, 1.5 MR or 2.0 MR. Each 
weight-average molecUar weights d 1.0 MR irracfiated artkde. 1.5 MR inacfiated artide and 2.0 MR irracSatBd artide 
were infnite. and the melting points thereof were almost constant and were 138»C 
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As shown in TaUe 2, the danaty and melfing pomi of UHMWPE moUed artida ctteinad from the 0.5 MR inaidation 
test of Preparation Exampfe 3 are higher and the tensile strength and Yomg^ modutus thereof fncreasa, as conpared 
with those of the UHMWPE moided artide obtained from the norHnnacSation test of CorrpenUiva Preparation Exanrple 
3. Particularly; the matting poim rises from 138^* to 149.^ 
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INDUSTRIAL APPUCABIUTY 

The uHra high moleculBr weight polyethylene molded arfide for arffidal joints obtained according to fhe present 
invention has the molecular orientation or crystal onentafion in the molded article, and is low in friction and is siperior 
5 in abrasion resistancoi. and therefore is availatile as a components of ertifioal joints. 

Further, the litra high nviecuiar weight polyethylene molded articfe for artifidal joints of the present invention can 
be used as a component for artificiaJ hip joints (artTicial acetabular o^), a component for arl^dal Mee joints (artiidal 
tbial inserQ ard the socket for artificial elbow joints, and in addition to the medical use. it can be appGed as materials 
' for various industries by ubiizing the characteristics such as low Irictspn and superior abrasion resistance 

w 

Oalms 

1 . Ultra high molecular weight polyethylene molded articles having molecular orientation or crystal orientation. 

fs 2. The molded arlides of Qaim 1 , wheran the uRra high molecular weight polyethyt&ie having molecular orientation 
or crystal orientation is crossGnked slightly. 

3. The molded articles of Oaim 1 or 2. wherein a melting point of the ultra high molecular weight polyethylene molded 
ar1icleis135*to155'C. 

so 

4. Artifidal joints comprising the molded artide of any one of Claims 1 to 3. 

5. A method for producing an ultra high molecular weight polyethylene molded artide having moleojlar oriantatton or 
ayslaJ orientation, wherein the ultra high moleoiar weight polyethylene mdded artide is crosslinked slightly by 

25 Jnrac&ding a high energy ray and introducing a very smaD amourt of crosslinldng poirrts into molecular chairs, ar6 
the crossfinked ultra high molecular weight polyethylene molded artide is conpressior>-deformed after healing up 
to a compresson defonmable temperature and then cooled with keeping the deformed state. 

6. The method of Claim 5. wherein the high energy ray is a radioactive ray and a dose of the imadiation is 0.01 to 5.0 

30 MR. * 

7. The method of Claim 5 or 6. wherein the compresdon-deformable tenrperature is a temperature in the range of a 
melting point of the crossinked uttra high mdeoiar weight polyethylene minus 50*C to the melting point plus 80*C. 

35 8. The method of Qaim 5. 6 or 7 wherein a weight-average molecular weight of the ultra high nx>lecular weight pdy- 
ethylene before irradlatton Is 2 to 8 million. 
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